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$QRYHODSSURDFKWRJHRORJLF&2VHTXHVWUDWLRQLVWKHVXUIDFHGLVVROXWLRQPHWKRG(IIHFWLYHLPSOHPHQWDWLRQRIWKLV
FRQFHSWUHTXLUHVGHVLJQFDOFXODWLRQVXVLQJDSSOLFDEOHYDOXHVRIWKHPDVVWUDQVIHUFRHIILFLHQWIRU&2LQWREULQH

2ULJLQDOH[SHULPHQWDOGDWDRQWKHUDWHRIGLVVROXWLRQRI&2LQWR1D&D&OEULQHVDFURVVDUDQJHRIWHPSHUDWXUHVDQG
ZHW &2 GHQVLWLHV DUH SUHVHQWHG 7KH SUHVVXUH GHFOLQH ZLWK UHVSHFW WR WLPH LQ D FORVHG WZRSKDVH V\VWHP ZDV
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VWUXFWXUH$K\EULGVXUIDFHGLVVROXWLRQDSSURDFKLVZHOOERUHFRLQMHFWLRQZKHUH&2GLVVROYHVLQWREULQH
DVLWWUDYHOVGRZQWKHZHOOERUHDFKLHYLQJFRPSOHWHGLVVROXWLRQEHIRUHHQWHULQJWKHWDUJHWDTXLIHU
7KHPDVVWUDQVIHUFRHIILFLHQWIRUWKH&2EULQHWZRSKDVHV\VWHPDQGDVVRFLDWHGWUDQVSRUWFDOFXODWLRQV
DOORZHIILFLHQWGHVLJQRIWKHVXUIDFHHTXLSPHQWUHTXLUHG,QWKHFDVHRIZHOOKHDGFRLQMHFWLRQEXEEOHVQR
JUHDWHUWKDQDFHUWDLQVL]HDUHUHTXLUHG,I WKHHTXLSPHQWGRHVQRWVDWLVI\WKLVUHTXLUHPHQW&2EXEEOHV
ZRXOGQRWGLVVROYHFRPSOHWHO\DQGZRXOGWKHUHIRUHHQWHUWKHVWRUDJHIRUPDWLRQDVDEXONSKDVHGHIHDWLQJ
WKHSXUSRVHRIWKHDSSURDFKDQGUHGXFLQJLQMHFWLYLW\2QWKHRWKHUKDQGSURGXFLQJVPDOOHUEXEEOHVWKDQ
UHTXLUHGDGGVXQQHFHVVDU\FRVWWRDSURMHFWWKURXJKJUHDWHURSHUDWLQJSRZHUUHTXLUHPHQWV
7KHFULWLFDOEXEEOHVL]HGHSHQGVRQWKHUDWHRIPDVVWUDQVIHUZKLFKGHSHQGVRQWKHGULYLQJIRUFHIRU
GLVVROXWLRQ DQG WKH PDVV WUDQVIHU FRHIILFLHQW EHWZHHQ WKH &2 EXEEOHV DQG WKH DTXHRXV SKDVH ,Q WKLV
SDSHUZHSUHVHQWPHDVXUHPHQWVRIWKHUDWHRIWUDQVIHURI&2IURPDEXON&2SKDVHWRDQDTXHRXVSKDVH
7KHH[SHULPHQWVDUHGHVLJQHGVRWKDWWKHGULYLQJIRUFHDQGWKHLQWHUIDFLDODUHDDUHZHOOGHILQHGVRWKDWWKH
PDVVWUDQVIHUFRHIILFLHQWFDQEHLQIHUUHGIURPWKHPHDVXUHPHQWV7RRXUNQRZOHGJHWKHVHYDOXHVRIPDVV
WUDQVIHUFRHIILFLHQWDUHWKHILUVWUHSRUWHGIRUWKHFRQGLWLRQVDWZKLFKWKHVXUIDFHGLVVROXWLRQRUWKHZHOOERUH
FRLQMHFWLRQSURFHVVHVZRXOGEHUXQ

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0DVVWUDQVIHUFRHIILFLHQWVIRUZDWHU&2
7KHUH LV QRW DQ DFFHSWHG DQG DFFXUDWH DQDO\WLFDO PHDQV DYDLODEOH WR SUHGLFW WKH OLTXLGVLGH PDVV
WUDQVIHUFRHIILFLHQWN/IRUWKHGLVVROXWLRQRIDJDVLQDOLTXLGH[FHSWLQWKHVLPSOHVWRIFDVHVVXFKDVWKDWRI
ODPLQDU IORZ 6LQFHN/ LQFOXGHV WKH HIIHFWV RI EXON IOXLG IORZ GLIIHUHQW K\GURG\QDPLF UHJLPHV OHDG WR
GLIIHUHQWYDOXHVRIN/
'LUHFWH[SHULPHQWDOPHDVXUHPHQWRIN/LVRIWHQXQGHUWDNHQIRUVSHFLILFJDVOLTXLGV\VWHPV0DDOHMHW
DO >@ UHSRUWHG D UDQJH RI N/ IURP  WR  FPV IRU &2 GLVVROXWLRQ LQWR DTXHRXV VROXWLRQV RI
1D&2DQG1D2+1LUDQMDQHWDO>@DQGODWHU1LJDPHWDO>@H[DPLQHG&2GLVVROXWLRQLQWRZDWHUDQG
JO\FHUROVROXWLRQVGHWHUPLQLQJDUDQJHRIN/IURPWRFPV9D]TXH]HWDO>@FDOFXODWHGN/
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YDOXHV IURP  WR  FPV IURP H[SHULPHQWV ZLWK &2 GLVVROXWLRQ LQWR DTXHRXV VROXWLRQV
FRQWDLQLQJVXUIDFWDQWV&DOGHUEDQNDQG0RR<RXQJ>@PHDVXUHGN/IRUWKHGLVVROXWLRQRI&2LQWRZDWHU
DQGEULQHDQGUHSRUWN/WREHWRFPV5RELQVRQDQG:LONH>@PHDVXUHGN/IRU&2LQWRDQ
DTXHRXVVROXWLRQRI.2+DQGGHWHUPLQHGDUDQJHRIN/IURPWRFPV
7KHH[SHULPHQWDOO\GHWHUPLQHGYDOXHVRIN/IRU&2LQWRDTXHRXVVROXWLRQVDYDLODEOHLQWKHOLWHUDWXUH
ZHUHPHDVXUHG IRU OLPLWHG UDQJHV RI WHPSHUDWXUH DQG SUHVVXUH )XUWKHU WKHUH DUH QR GDWD DYDLODEOH IRU
PRQRYDOHQWDQGGLYDOHQWFDWLRQDTXHRXVVROXWLRQVVXFKDV1D&ODQG&D&OEULQHVUHVSHFWLYHO\2IFRXUVH
ZLWKQRN/GDWDDYDLODEOHIRUWKHV\VWHPWUDQVSRUWFDOFXODWLRQVDUHDOVRQRWDYDLODEOHLQWKHOLWHUDWXUH
([SHULPHQWV
([SHULPHQWDODSSDUDWXVGHVFULSWLRQ
7KHH[SHULPHQWDOSURFHGXUHGHYHORSHGUHTXLUHGWKHHVWDEOLVKPHQWRIHTXDOYROXPHVRI&2DQGEULQH
DW HOHYDWHG SUHVVXUH LQ D VPDOO VWLUUHG DQG WHPSHUDWXUH FRQWUROOHG SUHVVXUH UHDFWRU $ 3DUU ,QVWUXPHQW
&RPSDQ\0LQL%HQFK7RS5HDFWRUZDVXVHG:LWK WKHLQWHUQDOHTXLSPHQWVHOHFWHG WKHPHDVXUHG
LQWHUQDO YROXPHRI WKH UHDFWRUZDVFP7KLVHTXLSPHQW LQFOXGHGDGLS WXEH -W\SH WKHUPRFRXSOH
FRROLQJORRSDQGDVLQJOHEODGHGRZQZDUGSXPSLQJRSLWFKHGWXUELQHLPSHOOHUSODFHGFPIURPWKH
ERWWRPRIWKHUHDFWRU$QHOHFWULFKHDWLQJXQLWDQGIORZWKURXJKFRROLQJORRSZDVXVHG$3DUU,QVWUXPHQW
&RPSDQ\  UHDFWRU FRQWUROOHU SURYLGHG 3,' FRQWURO RI UHDFWRU LQWHUQDO WHPSHUDWXUH DQG LPSHOOHU
URWDWLRQDOVSHHGDORQJZLWKORJJLQJFDSDELOLW\$V\ULQJHSXPSDQGKHDWHGDFFXPXODWRUZHUHXVHGWRILOO
WKHUHDFWRUZLWKEULQHDQGVXEVHTXHQWO\GLVSODFHKDOIE\YROXPHZLWK&27KHPDVVRIEULQHGLVSODFHG
ZDV PHDVXUHG ZLWK D ODERUDWRU\ EDODQFH &RPSOHWH VSHFLILFDWLRQV DQG D GHWDLOHG VFKHPDWLF RI WKH
H[SHULPHQWDODSSDUDWXVDUHDYDLODEOHLQ>@
([SHULPHQWDOSURFHGXUH
7KH SUHKHDWHG DFFXPXODWRU DQG UHDFWRU ZHUH FORVHG DIWHU ILOOLQJ ZLWK &2 DQG EULQH UHVSHFWLYHO\
ERWKDWHOHYDWHGSUHVVXUH+DOIRIWKHYROXPHRIEULQHLQ
WKHUHDFWRUZDVVXEVHTXHQWO\GLVSODFHGZLWK&2UDSLGO\
DQG DW UHODWLYHO\ FRQVWDQW SUHVVXUH $IWHU FORVLQJ WKH
UHDFWRURQFHPRUHWKHVWLUUHUZDVWXUQHGRQDWUHYV
7KH SUHVVXUH WHPSHUDWXUH DQG VWLUUHU URWDWLRQDO VSHHG
FRQWLQXHG WR EH UHFRUGHG DW  V LQWHUYDOV XQWLO WKH
SUHVVXUHUHPDLQHGFRQVWDQWDQGFRQVHTXHQWO\QRIXUWKHU
GLVVROXWLRQZDVRFFXUULQJ
([SHULPHQWDOLQYHVWLJDWLRQUHVXOWV
%HIRUHFRQGXFWLQJWKHGHVLJQHGH[SHULPHQWVDVHULHV
RI LQYHVWLJDWLYH H[SHULPHQWV ZHUH FRPSOHWHG WR HQVXUH
WKDWWKUHHFULWLFDOFULWHULDZHUHPHWLWKHLQWHUIDFLDODUHD
DZDVVWDEOHDQGTXDQWLILDEOHLLWKHLQVWDQWDQHRXV&2
FRQFHQWUDWLRQ LQ WKHDTXHRXVSKDVH &2& G DVXQLIRUP
DV VKRZQ LQ )LJXUH  DQG LLL WKH WHPSHUDWXUH FRQWURO
ZDVDGHTXDWH

)LJXUH6FKHPDWLFRIPDVVWUDQVIHUDQDO\VLV
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6WDEOHDQGTXDQWLILDEOHLQWHUIDFLDODUHD
$VHULHVRI IORZYLVXDOL]DWLRQH[SHULPHQWVZDVFRQGXFWHGXVLQJDWUDQVSDUHQWDFU\OLFYHVVHOZLWKWKH
VDPHGLPHQVLRQVDVWKHUHDFWRUXVHG7KHYHVVHOZDVKDOIILOOHGHDFKZLWKZDWHUDQGDLU7KHRQVHWRIJDV
HQWUDLQPHQW ZDV GHWHUPLQHG E\ REVHUYDWLRQ IRU VHYHUDO GLIIHUHQW PHFKDQLFDO FRQILJXUDWLRQV DQG VWLUUHU
VSHHGV$VLQJOH LPSHOOHUSODFHGIXUWKHU IURPWKHERWWRPRI WKHYHVVHOZDVIRXQG WRSURGXFHQHJOLJLEOH
JDVHQWUDLQPHQWDQGDUHODWLYHO\IODWSKDVHLQWHUIDFH
8QLIRUPDTXHRXVSKDVH&2FRQFHQWUDWLRQ
$VHULHVRIH[SHULPHQWVZDVFRQGXFWHGWRTXDQWLI\WKHHIIHFWRIVWLUUHUVSHHGRQPL[LQJHIILFLHQF\7KH
UHVXOWVGHPRQVWUDWHGWKDWWKHIDVWHUWKHVWLUUHUVSHHGXVHGWKHVKRUWHUWKHWLPHWDNHQWRUHDFKHTXLOLEULXP
&DUHIXO DTXHRXV SKDVH VDPSOLQJ H[SHULPHQWV FRQILUPHG PRUH XQLIRUP PL[LQJ ZLWK LQFUHDVHG VWLUUHU
VSHHG>@
2SHUDWLQJOLPLWV
6HYHUDO WHPSHUDWXUHFRQWUROOHGH[SHULPHQWVZHUHFRQGXFWHGRYHUD UDQJHRI WHPSHUDWXUHVDQG LQLWLDO
SUHVVXUHV $ UHJLRQ LQ 73 VSDFH ZDV LGHQWLILHG ZKHUH WKH YHU\ VKRUW WLPH WR UHDFK HTXLOLEULXP ZDV
LQIHUUHGDVDUHVXOWRIJDVHQWUDLQPHQW7KLVUHJLRQZDVORZWHPSHUDWXUHDQGODUJHSUHVVXUHZKLFKOHDGV
WR ODUJHZHW&2 GHQVLW\ DQG WKXV UHODWLYH HDVH RI HQWUDLQPHQW DW VWLUUHU VSHHGV WKDW SURYLGHG XQLIRUP
DTXHRXVSKDVHFRQFHQWUDWLRQ
'HVLJQHGH[SHULPHQW
$VDUHVXOWRIWKHH[SHULPHQWDOLQYHVWLJDWLRQWKHPHFKDQLFDOFRQILJXUDWLRQVWLUUHUVSHHGDQGSUDFWLFDO
OLPLWV RQ RSHUDWLQJ WHPSHUDWXUH DQG SUHVVXUHZHUH GHWHUPLQHG7KHVH DUH D VLQJOH EODGH GRZQZDUG
SXPSLQJRSLWFKHGWXUELQHLPSHOOHUSODFHGFPIURPWKHERWWRPRIWKHUHDFWRURSHUDWHGDWUHYV
ZLWKZHW&2GHQVLW\QRWH[FHHGLQJJFPDQGWHPSHUDWXUHQRWH[FHHGLQJ.
9DULDWLRQ LQ QDWLYH EULQH FRPSRVLWLRQ ZDV FDSWXUHG WKURXJK WKH SUHSDUDWLRQ RI V\QWKHWLF EULQHV
FRQWDLQLQJ 61D&O DQG 6&D&O 7KLV HQDEOHG WKH VHQVLWLYLW\ RI N/ WR PRQRYDOHQW DQG GLYDOHQW FDWLRQ
FRQFHQWUDWLRQWREHPHDVXUHG5HSUHVHQWDWLYHUDQJHVZHUHREWDLQHGIURPWKHOLWHUDWXUHIRUGHWDLOVUHIHUWR
%O\WRQ>@7KHRSHUDWLQJFRQGLWLRQVDQGEULQHFRQFHQWUDWLRQVWHVWHGDUHVKRZQLQ7DEOH

7DEOH5DQJHRIH[SHULPHQWDOSDUDPHWHUV
3DUDPHWHU 6\PERO 6PDOOYDOXH /DUJHYDOXH
7HPSHUDWXUH. 7  
:HW&2GHQVLW\JFP
ZHW&2
U   
1D&OVDOLQLW\P 61D&O  
&D&OVDOLQLW\P
&D&O
6   

7RHYDOXDWHWKHUHVSRQVHRIN/WRFKDQJHVLQHDFKRIWKHSDUDPHWHUVFRQVLGHUHGDGHVLJQHGH[SHULPHQW
ZDV FRQGXFWHG:LWK IRXU IDFWRUV WR HDFKEH HYDOXDWHG DW WZR OHYHOV D IXOO IDFWRULDO DSSURDFK UHTXLUHG
VL[WHHQH[SHULPHQWV6L[FHQWHUSRLQWUHSHDWVZHUHFRQGXFWHGWRDOORZIRUDPHDVXUHRIUHSHDWDELOLW\
'DWDSURFHVVLQJ
%\GHILQLWLRQN/IRUWKLVV\VWHPLVJLYHQE\
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ZLWK QHW PROHV &2Q RI &2 WUDQVSRUWHG EHWZHHQ SKDVHV DQG VDWXUDWLRQ LH HTXLOLEULXP &2
FRQFHQWUDWLRQ &2 VDWXUDWLRQ&  6LQFH WKH SKDVH LQWHUIDFH ZDV UHODWLYHO\ IODW D ZDV WDNHQ DV WKH FURVV
VHFWLRQDO DUHD RI WKH UHDFWRU  FP 7R FDOFXODWH N/ IRU HDFK RI WKH WZHQW\WZR H[SHULPHQWV D
QXPHULFDO DSSURDFK ZDV XVHG 7KLV UHTXLUHG FDOFXODWLRQ RI &2 VDWXUDWLRQ&  &2& G DQG
&2GQ
GW
DV
IROORZV
$W HDFK GLVFUHWH WLPH VWHS IRU ZKLFK WKH PHDVXUHG SUHVVXUH LV NQRZQ D WXQHG 35 (26 IODVK
FDOFXODWLRQZDVPDGH8VLQJWKH&2PROHIUDFWLRQLQWKHDTXHRXVSKDVHIURPWKHIODVKFDOFXODWLRQDQG
WKHOLTXLGSKDVHGHQVLW\PRGHORI>@ &2 VDWXUDWLRQ& ZDVFDOFXODWHG
7KHPROHVRI+2LQWKHUHDFWRUZHUHGHWHUPLQHGE\DPDVVEDODQFHFDOFXODWLRQ7KLVXVHGWKHDTXHRXV
SKDVHGHQVLW\PRGHOUHIHUHQFHGDERYH WKHPHDVXUHGYROXPHRIWKHYHVVHODQGILQDOO\WKHPDVVRIEULQH
GLVSODFHGWRWKHEDODQFHDV&2ZDVLQMHFWHGLQWRWKHYHVVHO7KHPDVVDQGPROHVRI&2LQWKHYHVVHOZDV
FDOFXODWHGIURPWKHPROHVRI+2DORQJZLWKWKHHTXLOLEULXPSKDVHFRPSRVLWLRQVDQGGHQVLWLHVXVLQJWKH
VDPHPRGHOVDVDERYH
:LWK WKHQXPEHURIPROHVRI DOO FRPSRQHQWV LQ WKH UHDFWRU NQRZQ &2& G ZDV FDOFXODWHG DW HDFK
GLVFUHWHWLPHVWHSE\XVHRISKDVHYROXPHVDQGFRPSRVLWLRQVDJDLQFDOFXODWHGE\WKHVDPHPRGHOVXVHG
DERYH$VWKHH[SHULPHQWSURJUHVVHV &2& G LQFUHDVHVZKLOH &2 VDWXUDWLRQ& GHFUHDVHV
)LQDOO\DQXPHULFDOFDOFXODWLRQRIWKHGHULYDWLYHRI &2Q ZLWKUHVSHFWWRWLPHDQGUHDUUDQJHPHQWRI
(TXDWLRQ  DOORZV IRU FDOFXODWLRQ RI N/ DW HDFK GLVFUHWH WLPH VWHS 7R DOORZ FRPSDULVRQ EHWZHHQ
H[SHULPHQWVDVLQJOHYDOXHRI ZHW&2U ZDVVHOHFWHGIRUHDFKJURXSRIH[SHULPHQWVVPDOOPHGLXPDQG
ODUJH
5HVXOWVDQGGLVFXVVLRQ
8VLQJ VLJQLILFDQFH OHYHO RI  WKH
SYDOXHV LQGLFDWH WKDW RQO\ 7 61D&O DQG
 ZHW&27 U DUH VWDWLVWLFDOO\ VLJQLILFDQW
6LQFH 6&D&O ZDV QRW GHWHUPLQHG WR EH
VWDWLVWLFDOO\ VLJQLILFDQW RQO\ WKH UHVXOWV
RI H[SHULPHQWVZLWK &D&O6 RI P DUH
SUHVHQWHGLQ)LJXUH
)LJXUH  VKRZV H[SHULPHQWV
FRQGXFWHG DW  . LQ EOXH DQG
H[SHULPHQWV FRQGXFWHG DW . LQ UHG
61D&O    P H[SHULPHQWV DUH
UHSUHVHQWHGE\VTXDUHVDQG61D&O P
H[SHULPHQWVDUHLQGLFDWHGE\FLUFOHV
%DVHG RQ WKH YDULDEOHV GHWHUPLQHG WR EH VWDWLVWLFDOO\ VLJQLILFDQW D OLQHDU HPSLULFDO FRUUHODWLRQ ZDV
GHYHORSHGDQGLVJLYHQE\(TXDWLRQXQLWVDUHFPV.JFPDQGPROHNJ

)LJXUHN/YHUVXV
ZHW&2
U IRUHLJKWH[SHULPHQWV
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( ) ( )( )      / ZHW&2 1D&ON 7 7 6U=      +  
(TXDWLRQGHPRQVWUDWHVDSRVLWLYHFRUUHODWLRQEHWZHHQN/ DQG77KH LQWHUDFWLRQ WHUP  ZHW&27 U 
SURGXFHVDQLQFUHDVHLQN/IRUDQLQFUHDVHLQ ZHW&2U ZKHQ7LVOHVVWKDQ.DQGDGHFUHDVHLQN/
IRU DQ LQFUHDVH LQ ZHW&2U ZKHQ 7 LV JUHDWHU WKDQ  . )LQDOO\ WKHUH LV D QHJDWLYH FRUUHODWLRQ
EHWZHHQN/DQG61D&O
7KHUDQJHRIN/YDOXHVFDOFXODWHGWRFPVDUHFRQVLVWHQWZLWKWKHH[SHULPHQWDOUHVXOWVIRU
&2 GLVVROXWLRQ LQWR DQ DTXHRXV SKDVH DYDLODEOH LQ WKH OLWHUDWXUH 7KH LQWHUDFWLRQ WHUP  ZHW&27 U 
ZKLFKSURGXFHVDQLQFUHDVHRUGHFUHDVHLQN/KDVQRWEHHQH[SOLFLWO\H[DPLQHGLQWKHOLWHUDWXUH7KHUHLV
QRDYDLODEOHGDWDWRDOORZFRPSDULVRQZLWKWKHQHJDWLYHFRUUHODWLRQEHWZHHQN/DQG61D&OHVWDEOLVKHG
$SSOLFDWLRQ
3UHYLRXV UHVHDUFK RQ WKH VXUIDFH GLVVROXWLRQ DSSURDFK WR&2 VHTXHVWUDWLRQ E\%XUWRQ >@ DQG -DLQ
>@DVVXPHGDPL[LQJ WDQNRQ WKHVXUIDFH$QDOWHUQDWLYH WR WKLVFRQFHSW LV WRXVH WKH WXELQJVWULQJ LQ
LQGLYLGXDO LQMHFWLRQ ZHOOV DV LQOLQH PL[HUV WKHUHE\ HOLPLQDWLQJ WKH FDSLWDO DQG RSHUDWLQJ FRVWV RI D
PL[LQJWDQN:LWKVXFKDFRQFHSWQDWLYHEULQHZRXOGVWLOOEHOLIWHGIURPDQDTXLIHUYLDH[WUDFWLRQZHOOV
WKRXJK&2ZRXOGEHFRLQMHFWHGDW WKHZHOOKHDGVRI LQMHFWLRQZHOOV UDWKHU WKDQ LQWRDVHSDUDWHVXUIDFH
IDFLOLW\SULRUWRLQMHFWLRQ$VFKHPDWLFRIWKLVDSSURDFKLVVKRZQLQ)LJXUH
7KHFRUHRIWKHVXUIDFHGLVVROXWLRQDSSURDFKLVLQMHFWLRQRI&2ODGHQEULQHZLWKFRQFHQWUDWLRQDWRU
EHORZ WKDW RI WKH VDWXUDWLRQ &2 FRQFHQWUDWLRQ DW WDUJHW DTXLIHU
FRQGLWLRQV7KLVUHTXLUHPHQWUHPDLQVXQFKDQJHGZLWKWKLVK\EULG
DSSURDFK $ VLPSOLILHG WUDQVSRUW PRGHO LV GHYHORSHG EHORZ WR
SUHGLFW WKH GLVVROXWLRQ RI&2 EXEEOHV FRLQMHFWHGZLWK EULQH DW
WKHZHOOKHDG 7KHPRGHO DVVXPHV D WDUJHW DTXLIHU DW D GHSWK RI
 IW DQG D EULQH LQMHFWLRQ UDWH RI  EG ZKLFK ZHUH
GHWHUPLQHG E\ >@ DQG >@ WR EH WKH RSWLPXP LQ WHUPV RI&2
VWRUDJH DQG HFRQRPLF FRQVLGHUDWLRQV UHVSHFWLYHO\ 7KH
SDUDPHWHUVIRUWKHW\SLFDODSSOLFDWLRQFRQVLGHUHGDUHSUHVHQWHGLQ
7DEOH

7DEOH3DUDPHWHUVIRUZHOOKHDGFRLQMHFWLRQLQDQGLQFK
ZHOOERUHVW\SLFDORSHUDWLQJFRQGLWLRQV
'HSWKIW 
61D&OP 
&D&O
6 P 
7. 
TEG 
3VWRUDJHEDU 
3LQMHFWLRQEDU 
3ERWWRPKROHEDU 

7KHGHVLJQ WDUJHW IRU WKH FRLQMHFWLRQ DSSURDFK LV WZRIROG L GHWHUPLQH WKH UDWLRRI&2 DQGEULQH
LQMHFWLRQ UDWHV DW WKH ZHOOKHDG ZKLFK \LHOGV WKH GHVLUHG FRQFHQWUDWLRQ RI GLVVROYHG &2 IRU DTXLIHU

)LJXUH6FKHPDWLFRIWKHFRLQMHFWLRQ
DSSURDFK7KHEXON&2SKDVHHQWHUVWKH
EULQHVWUHDPDVEXEEOHVZKLFKGLVVROYHDV
WKH\WUDYHOGRZQWKHZHOOERUH
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FRQGLWLRQVDQG LL HQVXUH WKDW WKH&2 LVFRPSOHWHO\GLVVROYHGZKHQ WKH IOXLGV UHDFK WKHERWWRPRI WKH
ZHOO
7KH PRGHO UHTXLUHG WKH FDOFXODWLRQ RI WKH VDWXUDWLRQ &2 FRQFHQWUDWLRQ DW ERWK WKH ZHOOKHDG DQG
ERWWRPKROHFRQGLWLRQVZKLFKZDVFRPSOHWHGZLWKWKH35(26,WZDVDVVXPHGWKDWWKHYROXPHRIEXON
SKDVH&2ZDVVSOLWHTXDOO\LQWRDFRQVWDQWQXPEHURI&2EXEEOHV:LWKDQXPEHURIEXEEOHVVSHFLILHG
WKH LQLWLDO EXEEOH VL]H DQG WKH &2EULQH LQWHUIDFLDO DUHD D ZHUH FDOFXODWHG 6LQFH WKH PD[LPXP EXON
YROXPHRI&2DWWKHZHOOKHDGZDVRQO\RIWKHWRWDOYROXPHEXEEOHFRDOHVFHQFHZDVQHJOHFWHG
7KH GULYLQJ IRUFH IRU PDVV WUDQVIHU WKH &2 FRQFHQWUDWLRQ GLIIHUHQFH ZDV FDOFXODWHG IURP WKDW
DFFXPXODWHG LQ WKH EULQH LQLWLDOO\ ]HUR DQG WKH VDWXUDWLRQ YDOXH DW WKH SDUWLFXODU GHSWK 7KH N/ YDOXH
FDOFXODWHGIURPH[SHULPHQWFPVZDVDSSOLHG
)LJXUHSUHVHQWVWKH&2GLVVROYHGDVDSHUFHQWDJHRIWKHTXDQWLW\LQMHFWHGDWWKHZHOOKHDG7KHGHSWK
RILQWHUHVWLVWKDWDWZKLFKFRPSOHWHGLVVROXWLRQRFFXUV)RUWKHLQFKZHOOERUHWKLVRFFXUVIRURQO\WZR
RIWKHEXEEOHVL]HVFPDQGFPDWIWDQGIWUHVSHFWLYHO\)RUWKHLQFKZHOOERUHD
EXEEOH VL]H RI  FP SURGXFHV FRPSOHWH GLVVROXWLRQ DW  IW ZLWK VPDOOHU EXEEOHV GLVVROYLQJ
FRPSOHWHO\DWSURJUHVVLYHO\VKDOORZHUGHSWKV





     
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)LJXUH3HUFHQWDJHRI&2GLVVROYHGYHUVXVGHSWKIRULQFKZHOOERUHOHIWDQGLQFKZHOOERUHULJKW2SHUDWLQJFRQGLWLRQVJLYHQ
LQ7DEOH$UDQJHRIEXEEOHVL]HVDWWKHZHOOKHDGLVFRQVLGHUHGIURPFPWRFPDQGN/LVFPV
6SKHULFDOEXEEOHJHRPHWU\SURGXFHVDOLQHDUWUHQGRIFRPSOHWHGLVVROXWLRQGHSWKYHUVXVEXEEOHUDGLXV
,WVKRXOGEHQRWHGWKDWLQDQ\DSSOLFDWLRQDUDQJHRIEXEEOHVL]HVZRXOGEHSURGXFHGUDWKHUWKDQDOOEHLQJ
RI HTXDO VL]H ,W IROORZV WKDW WKH UHVXOWV DERYH FRXOG EH XVHG DV D JXLGH WR WKHPD[LPXP EXEEOH VL]H
DOORZDEOHWRDFKLHYHFRPSOHWHGLVVROXWLRQIRUDSDUWLFXODUGHSWK
&RQFOXVLRQV
$QH[SHULPHQWDODSSDUDWXVDQGSURFHGXUHZHUHGHYHORSHGWKDWDOORZPHDVXUHPHQWRIN/IRU&2LQWR
DTXHRXVVROXWLRQV$QHTXDWLRQRIVWDWHEDVHGGDWDSURFHVVLQJWHFKQLTXHSURYLGHGWKHPHDQVWRFDOFXODWHD
G\QDPLF N/ RYHU WKH GXUDWLRQ RI DQ H[SHULPHQW IURP UHFRUGHG SUHVVXUH GHFD\ GDWD 7KLV H[SHULPHQW
SURFHGXUHDQGGDWDDQDO\VLVSURFHVVZHUHDSSOLHG WRDGHVLJQHGH[SHULPHQWFRQVWUXFWHG WRHYDOXDWH WKH
HIIHFWRIWKHLQGHSHQGHQWYDULDEOHVWHPSHUDWXUHZHW&2GHQVLW\DQGVDOLQLW\RI1D&ODQG&D&ORQN/
7KURXJK VWDWLVWLFDODQDO\VLVRQO\ WHPSHUDWXUH1D&O VDOLQLW\DQGDQ LQWHUDFWLRQEHWZHHQ WHPSHUDWXUH
DQGZHW&2GHQVLW\ DUH VLJQLILFDQW7KHUH LV DSRVLWLYH FRUUHODWLRQEHWZHHQN/ DQG WHPSHUDWXUHZKLOH
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WKHUHLVDQHJDWLYHFRUUHODWLRQEHWZHHQN/DQG1D&OVDOLQLW\7KHLQWHUDFWLRQHIIHFWRIWHPSHUDWXUHDQGZHW
&2GHQVLW\SURGXFHVDQLQFUHDVHRUGHFUHDVHLQN/GHSHQGLQJRQWKHYDOXHRIHDFK&D&OVDOLQLW\GRHV
QRWKDYHDVWDWLVWLFDOO\VLJQLILFDQWHIIHFWRQN/$FRUUHODWLRQZDVSURYLGHGWKDWTXDQWLILHVWKLVUHODWLRQVKLS
RYHUWKHUDQJHRISDUDPHWHUVVWXGLHG
7KHYDOXHRIN/PHDVXUHGLQDSDUWLFXODUH[SHULPHQWDORQJZLWKW\SLFDODQGRSWLPXPZKHUHSRVVLEOH
SDUDPHWHUVIRUWKHVXUIDFHGLVVROXWLRQDSSURDFKZHUHXVHGWRFDOFXODWHWKHGHSWKDWZKLFKEXONSKDVH&2
EXEEOHVFRPSOHWHO\GLVVROYH)RUWZRFRPPRQZHOOERUHGLDPHWHUVWKHGHSWKRIFRPSOHWHGLVVROXWLRQZDV
VKRZQWREHUHDVRQDEOHIRUEXEEOHVRIDSUDFWLFDOVL]H7KLVUHVXOWGHPRQVWUDWHVWKDWWKHFRUHSXUSRVHRI
WKHDSSURDFKDYRLGLQJLQMHFWLRQRIEXONSKDVH&2LQWRWKHVWRUDJHDTXLIHULVIHDVLEOH
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH*HRORJLF&26WRUDJH,QGXVWULDO$IILOLDWHV3URJUDPDW87$XVWLQ
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